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TITLE OF THE INVENTION 
STEERING APPARATUS 

BACKGROUND OF THE INVENTION 
5 1. Field of the Invention 

The present invention relates to a steering apparatus of 
impact energy absorbing type, which is designed to absorb impact 
energy applied to steering means, such as a steering wheel, from the 
driver when a car makes a crash or the like. 

10 

2. Description of Related Art 

A steering apparatus of impact energy absorbing type 
comprises" an upper housing for rotatably supporting a steering 
shaft having an upper portion coupled to a steering wheel via an 

15 antifriction bearing; a lower housing which is inserted into the upper 
housing so as to be relatively movable in the axial direction and is 
fixed to the car body; and first and second impact energy absorbing 
protrusions which are projected in one body from a lower portion of 
the upper housing separately from each other in the axial direction 

20 so as to contact with the inner circumferential surface of the lower 
housing, for example. 

Impact energy caused by a secondary crash, which is applied 
to a steering wheel when a car makes a frontal crash or the like, is 
transmitted through the antifriction bearing to the upper housing, 

25 so that the upper housing moves in the axial direction with respect 
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to the lower housing. While the upper housing moves, the impact 
energy is absorbed by frictional resistance generated between the 
impact energy absorbing protrusions and the lower housing. 

However, since impact energy caused by the secondary crash 
5 is applied to the steering shaft in a direction inclined with respect to 
the axis of the steering shaft, bending moment arises at the upper 
housing which supports the steering shaft. This bending moment 
causes the upper housing to be inclined with respect to the lower 
housing, so that the lower end of the upper housing comes into 

10 contact with the outer circumferential surface of the lower housing 
and the upper end of the lower housing comes into contact with the 
inner circumferential surface of the upper housing, thereby applying 
load due to frictional resistance to these two contact parts. As a 
result, movement resistance of the upper housing increases and load 

15 applied to the driver also increases. 

The load applied to the driver can be reduced by lengthening 
the distance between the first impact energy absorbing protrusion 
and the second impact energy absorbing protrusion so as to reduce 
the above-mentioned load due to frictional resistance applied to the 

20 two contact parts. It is, however, impossible to lengthen the 

distance between the two impact energy absorbing protrusions since 
the movement amount of the upper housing, i.e. the energy 
absorption stroke, is inevitably determined by the layout of the 
vehicle. 

25 Another steering apparatus widely known is a steering 
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apparatus of impact energy absorbing type disclosed in Japanese 
Patent Application Laid-Open No. H10-76958 (1998), for example, in 
which a lower housing is engaged with an upper housing for 
rotatably supporting a steering shaft having an upper portion 
5 coupled to a steering wheel via two impact energy absorbing rings 
made of synthetic resin disposed separately from each other in the 
axial direction so as to be relatively movable in the axial direction. 

The steering apparatus disclosed in Japanese Patent 
Application Laid-Open No. H10-76958 absorbs impact energy in a 

10 state where the circumferential surface of the impact energy 

absorbing rings are in contact with the circumferential surface of the 
upper housing and the lower housing. As a result, the load due to 
frictional resistance can be reduced and the movement resistance of 
the upper housing can be reduced in comparison with a steering 

15 apparatus having impact energy absorbing protrusions. However, 
since the upper housing receives bending moment corresponding to 
steering force in usual steering as well as bending moment in impact 
energy absorption, heavy load is applied to the impact energy 
absorbing rings. Consequently, there has been a demand for 

20 improvement in durability of the impact energy absorbing rings. 

BRIEF SUMMARY OF THE INVENTION 
The present invention has been made with the aim of solving 
the above problems, and it is a main object thereof to provide a 
25 steering apparatus which can reduce the load applied on the impact 
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energy absorbing rings in usual steering and reduce the load due to 
frictional resistance in impact energy absorption. 

A steering apparatus according to the present invention is 
constructed by engaging a second housing with a first housing, 

5 which rotatably supports a steering shaft having one end coupled to 
steering means, via two impact energy absorbing rings disposed 
separately from each other in the axial direction so as to be 
relatively movable in the axial direction. In this steering apparatus, 
one of the first housing and the second housing has first and second 

10 impact energy absorbing protrusions which are projected from 
positions between the impact energy absorbing rings separately 
from each other in the axial direction and contact with the 
circumferential surface of the other of the first housing and the 
second housing. 

15 This steering apparatus can absorb the impact energy caused 

by a secondary crash in a state where the circumferential surface of 
the impact energy absorbing rings are in contact with the 
circumferential surfaces of the first housing and the second housing 
and the impact energy absorbing protrusions are in contact with the 

20 circumferential surface of the first housing or the second housing, 
thereby reducing the load due to frictional resistance in impact 
energy absorption. Moreover, since bending moment applied to the 
first housing in usual steering can be applied in a divided manner to 
the impact energy absorbing rings and the impact energy absorbing 

25 protrusions, the load applied to the impact energy absorbing rings in 
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usual steering can be reduced and the durability of the impact 
energy absorbing rings can be improved. 

The steering apparatus according to the present invention 
may comprise* a plurality of first impact energy absorbing 
5 protrusions arranged separately from each other in the 

circumferential direction; and a plurality of second impact energy 
absorbing protrusions arranged separately from each other in the 
circumferential direction. Moreover, one of the impact energy 
absorbing rings may have" a ring portion to contact with an end face 

10 of the first housing or the second housing; and a plurality of plate 
pieces disposed continuously with the ring portion separately from 
each other in the circumferential direction at intervals 
corresponding to the impact energy absorbing protrusions. 

In this steering apparatus, the space between the plate pieces 

15 of an impact energy absorbing ring can be used as a non-contact 
pathway which does not contact with the impact energy absorbing 
protrusions. The first housing therefore can be inserted into the 
second housing in a state where the two impact energy absorbing 
rings are engaged with and retained on the circumferential surface 

20 of the first housing or the second housing without prevention by the 
impact energy absorbing rings, thereby making the assembling 
operation easier. 

In the steering apparatus according to the present invention, 
the external diameter of a portion of the ring portion where no plate 

25 piece is provided may be equal to or smaller than the external 
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diameter of the second housing an end of which is to contact with the 
ring portion. 

Moreover, in the steering apparatus according to the present 
invention, the internal diameter of a portion of the ring portion 
5 where no plate piece is provided may be equal to or larger than the 
internal diameter of the first housing an end face of which is to 
contact with the ring portion. 

This steering apparatus can more reliably eliminate the 
prevention by the impact energy absorbing rings in inserting the 
10 first housing into the second housing, thereby making the 
assembling operation easier. 

In the steering apparatus according to the present invention, 
the plate pieces may have such a length that the plate pieces pass 
the axial position of one of the first and second impact energy 
15 absorbing protrusions. 

This steering apparatus, in which the contact area between 
the first housing and the second housing is increased, can absorb the 
impact energy more preferably and reduce the load due to frictional 
resistance in impact energy absorption. 
20 In the steering apparatus according to the present invention, 

an impact energy absorbing ring which does not have the ring 
portion and the plate pieces may have- a ring portion arranged 
between the first housing and the second housing; an edge portion 
formed continuously with an end of the ring portion to project 
25 outwardly or inwardly so as to contact with an end face of one of the 
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first housing and the second housing; and a plurality of plate pieces 
projected from an end of the ring portion opposite to the edge portion 
separately from each other in the circumferential direction at 
intervals corresponding to the impact energy absorbing protrusions 
5 This steering apparatus, in which the contact area between 

the first housing and the second housing is increased, can absorb the 
impact energy more preferably and reduce the load due to frictional 
resistance in impact energy absorption. 

The above and further objects and features of the invention 
10 will more fully be apparent from the following detailed description 
with accompanying drawings. 



BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE 

DRAWINGS 

15 FIG. 1 is a sectional view showing the structure of a steering 

apparatus according to the present invention! 

FIG. 2 is an enlarged sectional view of an engagement portion 

of a first housing and a second housing of the steering apparatus 

according to the present invention; 
20 FIG. 3 is a sectional view taken along the line IIIIII in FIG. 

2; 

FIG. 4 is a perspective view showing the structure of a first 
impact energy absorbing ring of the steering apparatus according to 
the present invention; 
25 FIG. 5 is a perspective view showing the structure of a second 
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impact energy absorbing ring of the steering apparatus according to 
the present invention; and 

FIG. 6 is a perspective view showing the structure of another 
second impact energy absorbing ring of the steering apparatus 
5 according to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
The following description will explain the present invention 
in detail with reference to the drawings illustrating an embodiment 
10 thereof. 

FIG. 1 is a sectional view showing the structure of a steering 
apparatus according to the present invention. 

The steering apparatus comprises- a first shaft 1 having an 
end portion coupled to a steering wheel for steering (steering means) 

15 A; a cylindrical first housing 3 which surrounds the first shaft 1 and 
rotatably supports the first shaft 1 via a ball bearing 2; a second 
shaft 4 engaged with the other end portion of the first shaft 1 so as to 
be relatively movable in the axial direction; a second housing 5 
which surrounds the second shaft 4 and has an end portion engaged 

20 with the other end portion of the first housing 3; first and second 
impact energy absorbing rings 6 and 7 made of synthetic resin, 
which are engaged with and retained at an engagement portion B of 
the first housing 3 and the second housing 5 separately from each 
other in the axial direction; first and second impact energy 

25 absorbing protrusions 8 and 9 projected from positions between the 
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impact energy absorbing rings 6 and 7 in one body with the fist 
housing 3; a torque sensor 10 arranged at the other end side of the 
second shaft 4 and the second housing 5; and a supporting member 
11 for supporting the torque sensor 10. The first shaft 1 and the 
5 second shaft 4 compose a steering shaft. 

The first shaft 1 is formed cylindrically. An end portion of 
the first shaft 1 is rotatably supported on the inner circumferential 
surface of an end portion of the first housing 3 via the ball bearing 2 
while the other end portion of the first shaft 1 is engaged with an 
10 end portion of the rod-shaped second shaft 4 so as not to be relatively 
rotatable but to be movable in the axial direction. Provided at the 
engagement portion is an impact energy absorbing member 12 made 
of synthetic resin, for example, which is to be destroyed by the 
impact energy caused by a secondary crash so as to absorb the 
15 impact energy together with the impact energy absorbing rings 6 
and 7 and the impact energy absorbing protrusions 8 and 9. 

The second shaft 4 is rotatably supported in the supporting 
member 11 via a sensor supporting cylinder 14 connected with the 
other end portion of the second shaft 4 by a dowel pin 13 and a 
20 bearing 15 engaged with the sensor supporting cylinder 14. An end 
portion of a torsion bar 16, which is inserted into the sensor 
supporting cylinder 14 to be twisted by the action of steering torque 
applied to the steering wheel A, is connected with the other end 
portion of the second shaft 4 by the dowel pin 13. The other end 
25 portion of the torsion bar 16 is connected with a transmission shaft 
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17 by a dowel pin 18. 

The inner diameter of the first housing 3 is larger than the 
outer diameter of the second housing 5. The impact energy 
absorbing rings 6 and 7 are engaged with an engagement portion 
5 between the inner circumferential surface of the other end portion 
3a (see FIG. 2) of the first housing 3 and the outer circumferential 
surface of one end portion 5a (see FIG. 2) of the second housing 5, so 
that the first housing 3 can be movable in the axial direction with 
respect to the second housing 5 via the impact energy absorbing 

10 rings 6 and 7. 

The torque sensor 10 detects a steering torque applied to the 
steering wheel A on the basis of a relative rotational displacement 
amount of the second shaft 4 and the transmission shaft 17 caused 
by the twist of the torsion bar 16. A steering assist motor 19 is 

15 driven in a controlled manner on the basis of the torque detected by 
the torque sensor 10 or the like. A motor 19 is attached to the 
outside of the supporting member 11, so that the rotation of the 
motor 19 is transmitted to the transmission shaft 17 via a reduction 
gear mechanism 20. The transmission shaft 17 is connected with a 

20 rack-and-pinion steering mechanism via a universal joint. 

FIG. 2 is an enlarged sectional view of an engagement portion 
of the first housing and the second housing, FIG. 3 is a sectional 
view taken along the line III-III in FIG. 2, FIG. 4 is a perspective 
view showing the structure of the first impact energy absorbing ring, 

25 and FIG. 5 is a perspective view showing the structure of the second 
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impact energy absorbing ring. 

Each of the first and second impact energy absorbing 
protrusions 8 and 9 is composed of four projections, for example, 
formed in one body at the proximity of the impact energy absorbing 
5 rings 6 and 7 separately from each other in the circumferential 
direction. The first and second impact energy absorbing 
protrusions 8 and 9 are arranged in axial positions separated from 
each other and in circumferential positions approximately according 
with each other. It should be noted that the first and second impact 

10 energy absorbing protrusions 8 and 9 are formed by pressing the 
engagement portion of the first housing 3 inwardly in the radial 
direction with a forming tool which is mounted at a piston rod of a 
hydraulic cylinder, for example. It should be also noted that the 
shape and the number of the impact energy absorbing protrusions 8 

15 and 9 are not particularly limited. 

The first impact energy absorbing ring 6 has- a ring portion 
6a to contact with an end face of the second housing 5; and four plate 
pieces 6b formed continuously with an outer circumferential portion 
of the ring portion 6a at positions separated from each other in the 

20 circumferential direction. The plate pieces 6b are disposed 
separately from each other in the circumferential direction at 
regular intervals corresponding to the first and second impact 
energy absorbing protrusions 8 and 9. The external diameter of a 
portion of the ring portion 6a where none of the plate pieces 6b is 

25 provided is equal to or smaller than the external diameter of the 
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other end portion of the second housing 5. The space between the 
plate pieces 6b of the ring portion 6a is defined as non-contact 
pathways 6c which do not contact with the first and second impact 
energy absorbing protrusions 8 and 9. It should be noted that the 
5 shape of the first impact energy absorbing ring 6 and the number of 
the plate pieces are not particularly limited. 

The second impact energy absorbing ring 7 has* a ring portion 
7a engaged with and retained on the inner circumferential surface of 
the other end portion 3a of the first housing 3* and an edge portion 
10 7b formed continuously with an end of the ring portion 7a to project 
outwardly so as to contact with the other end face of the first 
housing 3. 

It should be noted that a mounting bracket 21 (see FIG. l) to 
be mounted on the car body is detachably mounted at the other end 

15 portion of the first housing 3. The mounting bracket 21 comprises 
impact energy absorbing means (which is not illustrated in the 
figure) for absorbing the impact energy together with the impact 
energy absorbing rings 6 and 7, the impact energy absorbing 
protrusions 8 and 9 and the impact energy absorbing member 12, by 

20 being destroyed when the first housing 3 is pressed in the axial 
direction by the action of the impact energy. 

Regarding the steering apparatus constructed as above, the 
first housing 3 and the second housing 5 are engaged with each 
other via the impact energy absorbing rings 6 and 7 and the impact 

25 energy absorbing protrusions 8 and 9 by pressing the first housing 3 
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in the axial direction in a state where the plate pieces 6b of the first 
impact energy absorbing ring 6 are engaged with the outer 
circumferential surface of one end portion 5a of the second housing 5 
and the second impact energy absorbing ring 7 is engaged with the 
5 inner circumferential surface of the other end portion 3 a of the first 
housing 3, for example. With this engagement, the first impact 
energy absorbing ring 6 comes in contact with the inner 
circumferential surface of the first housing 3, the second impact 
energy absorbing ring 7 comes in contact with the outer 

10 circumferential surface of the second housing 5 and the impact 

energy absorbing protrusions 8 and 9 come in contact with the outer 
circumferential surface of the second housing 5, thereby generating 
frictional force at the respective contact parts. 

The first impact energy absorbing ring 6 has non-contact 

15 pathways 6c. Consequently, when engaging the first housing 3 
with the second housing 5, the first and second impact energy 
absorbing protrusions 8 and 9 can be inserted into the non- contact 
pathways 6c by pressing the first housing 3 in the axial direction 
after positioning the second impact energy absorbing protrusion 9 so 

20 as to correspond to the non-contact pathways 6c. As a result, the 
first and second impact energy absorbing protrusions 8 and 9 can be 
inserted without prevention by the first impact energy absorbing 
ring 6, and the first and second impact energy absorbing protrusions 
8 and 9 can be arranged between the first and second impact energy 

25 absorbing rings 6 and 7. 
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The impact energy, which arises when the driver collides with 
the steering wheel A in a frontal crash of a car or the like, acts on the 
impact energy absorbing rings 6 and 7 and the impact energy 
absorbing protrusions 8 and 9 via the first shaft 1, the ball bearing 2 

5 and the first housing 3. As a result, the first housing 3 moves in 
the axial direction with respect to the second housing 5 together 
with the impact energy absorbing ring 7 while absorbing the impact 
energy with the impact energy absorbing rings 6 and 7 and the 
impact energy absorbing protrusions 8 and 9. Moreover, the impact 

10 energy acts on the impact energy absorbing member 12 via the first 
shaft 1 and the impact energy absorbing member 12 is destroyed, 
thereby allowing movement of the first shaft 1. 

In this movement, the axial distance between the impact 
energy absorbing rings 6 and 7 is first lengthened as the first 

15 housing 3 moves in the axial direction after a crash. Impact energy 
is then absorbed in a state where the circumferential surface of the 
impact energy absorbing rings 6 and 7 the axial distance between 
which has been lengthened are in contact with the circumferential 
surface of the first housing 3 and the second housing 5, thereby 

20 reducing the load due to frictional resistance applied to the 

engagement portion satisfactorily and reducing the movement 
resistance of the first housing 3. Furthermore, since the first and 
second impact energy absorbing protrusions 8 and 9 are provided 
between the impact energy absorbing rings 6 and 7, bending 

25 moment applied to the first housing 3 in usual steering can be 
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applied in a divided manner to the impact energy absorbing rings 6 
and 7 and the impact energy absorbing protrusions 8 and 9. It is 
therefore possible to reduce the load applied to the impact energy 
absorbing rings 6 and 7 in usual steering and to improve the 
5 durability of the impact energy absorbing rings 6 and 7. 

FIG. 6 is a perspective view showing the structure of another 
second impact energy absorbing ring. 

In order to enhance the impact energy absorbing effect by the 
impact energy absorbing rings 6 and 7 in the above-described 

10 embodiment without changing the length of the engagement portion 
and the distance between the impact energy absorbing protrusions 8 
and 9, the plate pieces 6b of the first impact energy absorbing ring 6 
is formed to have such a length that the plate pieces 6b pass the 
axial position of the first impact energy absorbing protrusion 8, i.e. 

15 such a length that the plate pieces 6b end at positions nearer to the 
second impact energy absorbing ring 7 than the first impact energy 
absorbing protrusion 8, and a plurality of plate pieces 7c are 
projected from an end of the ring portion 7a of the second impact 
energy absorbing ring 7 opposite to the edge portion 7b separately 

20 from each other in the circumferential direction at intervals 

corresponding to the second impact energy absorbing protrusion 9, 
for example, so as to increase the contact area between the first 
housing 3 and the second housing 5. In this case, only one of the 
first and second impact energy absorbing rings 6 and 7 may be 

25 constructed so as to increase the contact area. 
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Moreover, although the above-described embodiment employs 
the first and second impact energy absorbing rings 6 and 7 which are 
made as separate members, the first and second impact energy 
absorbing rings 6 and 7 may be connected with each other by a 
5 connecting piece which is to be destroyed by press force generated 
when engaging the first housing 3 with the second housing 5. 
Furthermore, the first and second impact energy absorbing rings 6 
and 7 may be constructed in such a manner that the first and second 
impact energy absorbing rings 6 and 7 are in one body connected 

10 with the connecting piece even after engaging the first housing 3 
with the second housing 5 and the connecting piece is to be 
destroyed when absorbing the impact energy. 

Moreover, although the above -described embodiment employs 
the impact energy absorbing protrusions 8 and 9 provided at the 

15 first housing 3, the impact energy absorbing protrusions 8 and 9 
may be provided at engagement portions of the second housing 5. 
In this case, the second impact energy absorbing ring 7 has a ring 
portion to contact with the other end face of the first housing 3 and a 
plurality of plate pieces formed continuously with the ring portion 

20 separately from each other in the circumferential direction at 
intervals corresponding to the second impact energy absorbing 
protrusion 9, so that the space between the plate pieces of the ring 
portion is used as non-contact pathways which do not contact with 
the second impact energy absorbing protrusion 9. 

25 As this invention may be embodied in several forms without 
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departing from the spirit of essential characteristics thereof, the 
present embodiments are therefore illustrative and not restrictive, 
since the scope of the invention is defined by the appended claims 
rather than by the description preceding them, and all changes that 
5 fall within metes and bounds of the claims, or equivalence of such 
metes and bounds thereof are therefore intended to be embraced by 
the claims. 



